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Resistance to ddI and Sensitivity to AZT Induced by 
a Mutation in HIV-1 Reverse Transcriptase 

Serial human immunodeficiency virus type-1 (HIV-1) isolates were obtained firom five 
individuals with acquired immunodeficiency syndrome (AIDS) who changed therapy 
to 2',3'-dideoxyinosine (ddI) after at least 12 months of treatment with 3'-azido-3'- 
deoxythymidine (zidovudine, AZT). The in vitro sensitivity to ddI decreased during 
the 12 months following ddI initiation, whereas AZT sensitivity increased. Analysis of 
the reverse transcriptase coding region revealed a mutation associated with reduced 
sensitivity to ddI. When this mutation was present in the same genome as a mutation 
known to confer AZT resistance, the isolates showed increased sensitivity to AZT. 
Analysis of HIV-1 variants confirmed that the ddI resistance mutation alone conferred 
ddI and 2',3'-dideoxycytidine resistance, and suppressed the effect of the AZT 
resistance mutation. The use of combination therapy for HIV-1 disease may prevent 
drug-resistant isolates from emerging. 

E WERIENCE IN TREATING HIV-1-IN- 
fected individuals has raised concerns 
regarding therapy with antiviral 

agents. Several studies have drawn attention 
to the emergence of resistant HIV strains in 
individuals on long-term therapy with AZT 
alone (1, 2 ) .  The clinical implications of 
reduced susceptibility to AZT are not yet 
fully understood; the appearance of AZT- 
resistant variants is not associated with a 
sudden clinical deterioration (1). Some in- 
dividuals who have become intolerant to 
AZT or appear to be deteriorating clinically 
have changed therapy to other potentially 
effective drugs, including ddI (3), after dis- 
continuing AZT. To discover if HIV iso- 

c, 

lates from such individuals develop resis- 
tance to ddI and if ddI therapy has any 
influence on7AZT sensitivitv we studied 
sequential isolates from five individuals who 
had received AZT for at least 12 months and 
were switched to ddI after they appeared to . - -  
deteriorate clinically (4). 

HIV was recovered from peripheral blood 
mononuclear cells (PBMCs) by cocultiva- 
tion with donor HIV- PBMCs (S), and 
drug sensitivity was assessed with a PBMC- 
based assay (6). All isolates recovered at the 
time therapy was switched had reduced 
sensitivity to  AZT. AZT therapy was dis- 
continued and ddI started (with informed 
consent). Within 6 to  12  months of dis- 
continuing AZT therapy, the isolates were 
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substantially more sensitive to AZT. Dur- 
ing the same time period, a 6- to 26-fold 
decrease in ddI sensitivity was observed. A 
representative sensitivity profile for isolates 
from one individual is illustrated in Fig. 1.  
After 1 2  months of ddI therapy, the AZT 
IC,, (50% inhibitory concentration) had 
dropped from a high of greater than 10 
FM to  0.73 p,M AZT, whereas the ddI 
IC,,'s for the same isolates increased from 
0.3 FM to 9 p.M. 

Studies have demonstrated that multiple 
common mutations in the HIV-1 reverse 
transcriptase (RT) coding region confer re- 
sistance to AZT (7). Variants with reduced 
AZT sensitivity were found to contain one 
or more amino acid changes at codons 67, 
70, 215, or 219. T o  identify mutations in 
the RT coding region associated with the 
observed resistance to ddI, we determined 
the complete nucleotide sequence of the 

-2 0  2  4 6 8 1 0 1 2  
Months after therapy change 

Fig. 1.  In vitro sensitivities (IC,,'s) to ddI (0) 
and AZT (a) of sequential HIV isolates from an 
individual with AIDS. This graph is illustrative of 
changes seen in five individuals (4). At time 0 
AZT therapy was discontinued, and ddI therapy 
(4 mg per kilogram of body mass every 12 hours) 
was initiated. Blood samples were obtained as 
shown before, at the time of, and at various times 
after the change in antiviral therapy. Virus was 
isolated and analyzed for sensitivity to AZT and 
ddI as described (5, 6). 
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HXBZ HXB2 RTMF RTMF associated mutations were also observed in 
(74V) (74V) 

-1111- these isolates, namely, Lys70 + Arg in the 
W T M  WT M W T M  W T M  isolate from individd 2 and Met4' 4 Leu in 

isolates from individuals 1 and 3 (7, 10) 
241% *Codon 74 (Table 1). Mutations at codons 67 and 219 
21 o 215 were not seen in any of these isolates. After 

initiation of ddI treatment, the mutations at 
codons 41 and 70 appeared to revert to wild 

Fig. 2. Selective amplification of DNA fragments 
from HIV-1 RT used to predict ddI and AZT 
sensitivity. PCR was used with different combi- 
nations of primers, and DNA from MT-2 cells 
was infected with various HIV-1 variants. For 
analysis of RT codon 74, we used oligonucleotide 
primer A (14) in each reaction together with 
primer 74W (wild type, WT) or 74M (mutant, 
M) to discriminate between wild-type and mutant 
nucleotides (1 1). For analysis of codon 215, oli- 
gonucleotide primer B together with either prim- 
er 3W (WT) or 3M (M) was used in PCR as 
described (7). For each virus, codon 74 and 215 
PCR products were combined and analyzed to- 
gether on a composite ms-borate 3% Nusieve: 
1% agarose gel. DNA products from either codon 
74 or 215 were distinguished on the basis of size, 
as the product for codon 74 was 241 bp and that 
for codon 215 was 210 bp (indicated at left of 
gel). The HIV-1 variants analyzed, derived from 
infectious molecular clones, were as follows: 
HXBZ (wild-type virus), HXB2 (74V) (wild-type 
HXB2 containing Leu74 + Val), RTMF 
(HIVRTMF containing Thr215 + Tyr), and 
RTMF (74V) [HIVRTMF (74V) variant con- 
taining Leu74 + Val and Thr215 + Tyr]. 

1.7-kb RT coding region from the sequential 
isolates listed in Table 1. The DNA extracted 
from cultured PBMCs was amplified by poly- 
merase chain reaction (PCR) (8), cloned, and 
sequenced (9). Before the initiation of ddI 
treatment, the RT from each isolate had the 
mutation at codon 215 (Thr + Tyr) com- 
monly seen in variants with reduced sensitiv- 
ity to AZT (7). Additional AZT resistance- 

type. However, the isolates obtained from all 
three individuals retained the mutation at 
codon 215 as long as 12 months after switch- 
ing from AZT to ddI. The mutation Leu74 -, 
Val was seen in the RT of all isolates after 6 to 
12 months of ddI therapy and was coincident 
with decreased sensitivity to ddI (Table 1). 

To clarify the role of Leu74 -, Val in 
resistance to ddI and the mutation's influ- 
ence on AZT sensitivity, we constructed a 
series of HIV variants with defined muta- 
tions in RT (1 1). The Leu74 + Val change 
was introduced into RT by site-directed 
mutagenesis of the wild-type sequence of 
proviral infectious clone HXB2-D (12) and 
also of a sequence containing mutations that 
decrease AZT sensitivity (7). Virus recov- 
ered after transfection of DNA clones into T 
cells was tested for sensitivity to AZT, ddI, 
and 2',3'-dideoxycytidine (ddC) by plaque- 
reduction assay in HeLa-CD4+ cells (13). 
Mutation of Leu74 -, Val caused decreased 
sensitivity to ddI and ddC both in the 
wild-type and mutant sequences (Table 2). 
The magnitudes of these changes were sim- 
ilar to those seen with the clinical isolates. 
Furthermore, this mutation altered AZT 
sensitivity only when AZT resistance muta- 
tions were also present in RT. For example, 
variant HIVRTMF (containing mutation 
Thr215 + Tyr) showed a 20-fold increase in 
AZT resistance as compared to the wild- 

Table 1. Biologic and genetic properties of HIV clinical isolates and the M13 RT clones derived 
from those isolates. Sequential HIV isolates from individuals who received AZT and then switched 
to ddI therapy are shown with the months of ddI therapy at the time the isolates were obtained. 
IC5, values were determined with a PBMC assay (6). Amino acid residues relevant to decreased 
AZT sensitivity (Met41, ~ y s ~ ' ,  and Thr215) are shown for each isolate. Also shown is the amino 
acid Leu74, which appears to be associated with decreased ddI sensitivity. Amino acid sequence 
numbers are relative to the NH2-terminal proline of the native RT. WT, wild type (HXB2). 

-- -- - - - -- - 

Months of IC5o (@) Mutations 

ddI therapy AZT ddI Met41 Lys70 -rhr215 Leu74 

Individual 1 
Leu WT 

Individual 2 
WT 
WT 

Arg 
WT 

WT WT 
Individual 3 

Leu WT 
WT WT 
WT WT 

Val 

WT 
Ile 
Val 

WT 
WT 
Val 

type virus (IC5,, 0.2 w ) .  The addition of 
the Leu74 + Val mutation caused a decrease 
in resistance to less than one-tenth the wild- 
type value (IC5,, 0.017 w ) .  Similar sup- 
pression of AZT resistance was observed 
with variants containing additional combi- 
nations of AZT-resistant mutations in RT 
(Table 2). Although these combinations 
have not yet been seen in clinical isolates, it 
is possible they might occur. 

We have developed a selective PCR pro- 
cedure to detect the Leu74 -, Val change 
(14). This enables rapid discrimination of 
the wild type from mutants at codon 74. 
Figure 2 shows an example of selective PCR 
that we used simultaneously to determine 
the status of codons 74 and 215 in the RT 
coding region of variants derived from mo- 
lecular clones. This method could be used to 
monitor individuals switched from AZT to 
ddI for the appearance of the Leu74 -, Val 
change, the only mutation as yet associated 
with reduced sensitivity to ddI. 

This study highlights the value of different 
techniques used to assess HIV-1 drug sensi- 
tivity in vim. The PBMC assay can be ap- 
plied to most samples because PBMC cocul- 
tivation enables a high rate of HIV isolation. 
Furthermore, this assay clearly distinguishes 
sensitivity changes in sequential isolates from 
the same individual. Direct comparison of 
absolute IC5, values between isolates fiom 
different individuals requires careful calcula- 
tion of input virus because inherent variations 
in virus replication in v i m  can influence 
assays of this nature (13). The HeLa-CD4+ 
cell plaque assay is useful for quantitating 
sensitivity changes in isolates from different 
individuals although it cannot be applied to 
all samples because only a subset of clinical 
isolates form plaques in these cells (1). 

We observed ddI resistance in HIV-1 
isolates from individuals with AIDS who 
switched to ddI after apparent clinical failure 
with AZT therapy. Mutation at codon 74 in 
the RT coding region correlated with re- 
duced sensitivity of isolates to ddI. Confir- 
matory evidence that this mutation was re- 
sponsible for ddI resistance was obtained by 
analysis of HIV variants constructed with 
mutations in RT that mimicked those in 
clinical isolates. Future studies may reveal 
additional mutations relevant to ddI resis- 
tance. Cross-resistance to ddC was also ob- 
served with these variants, raising concerns 
about the use of ddC after ddI-resistant 
isolates emerge. The Leu74 -, Val mutation 
appeared to markedly diminish the effect of 
a mutation in RT at codon 215 (Thr + Tyr) 
because AZT resistance decreased despite 
persistence of the codon 215 mutation. This 
implies a close interaction between these 
residues in the active site of RT. Because the 
mutational basis of decreased viral sensitivity 
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Table 2. Inhibitor sensitivity of HTV-l variants with altered RTs created by site-directed 
mutagenesis. Specific nucleotide changes were introduced with synthetic oligonucleotides into the 
RT coding region cloned into Ml3. All clones were verified for expression of functional RT in 
Escherichia coli; the maximum variation in RT activity was about twofold relative to the wild-type. 
Infectious HTV-l variants were recovered by cotransfection of MT-2 cells with replicative-form M13 
DNA containing mutated RT and the RT-deleted provirus clone pHIVARTBstEII as described 
(11). The titers of all virus mutants were similar, as determined by plaque assay in HeLa-CD4+ cells 
(13). Sensitivity of these variants to AZT, ddl, and ddC was assessed by plaque-reduction assay in 
the HeLa-CD4+ cell line HT4-Lacz (15). Mean IC50 values derived from at least two independent 
determinations are shown. 

Virus 

HXB2 
HXB2 (74V) 
HIVRTMF 
HIVRTMF (74V) 
HIVRTMC/F 
HIVRTMC/F (74V) 
HIVRTMC 
HIVRTMC (74V) 

Asp67 

Asn 
Asn 
Asn 
Asn 

Lys70 

Arg 
Arg 
Arg 
Arg 

RT genotype 

Thr215 

Tyr 
Tyr 
Tyr 
Tyr 
Phe 
Phe 

Lys219 

Gin 
Gin 

Leu74 

Val 

Val 

Val 

Val 

IC 

AZT 

0.01 
0.01 
0.2 
0.017 
0.4 
0.05 
1.8 
0.06 

'so (MM) 

ddl 

1.8 
15 

1.8 
12 

1.8 
48 

2.5 
32 

ddC 

0.14 
2.2 
0.17 
2.2 
0.1 
2.2 
0.14 
2 

is different for AZT and ddl, our findings 
give further support for the use of multidrug 
therapy to treat HIV disease. Moreover, 
combinations of nucleoside analogs directed 
against RT might be sufficient to prevent 
resistant variants from appearing. 
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